Progetto di un sistema di controllo di sospensioni attive in ambiente Matlab by Corona, Sebasthian
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% grandezze fisiche utilizzate
m1 = 2500;
m2 = 320;
k1 = 80000;
k2 = 500000;
v1 = 350;
v2 = 15020;
a_4 = (m1*m2); % coefficiente di S^4
a_3 = (m1*(v1+v2))+(m2*v1); % coefficiente di S^3
a_2 = (m1*(k1+k2))+(m2*k1)+(v1*v2); % coefficiente di S^2
a_1 = (v1*k2)+(v2*k1); % coefficiente di S
a_0 = k1*k2; % termine noto
detA = [a_4 a_3 a_2 a_1 a_0];
numeratore_G1 = [(m1+m2) v2 k2];
G1 = tf(100*numeratore_G1,detA);
numeratore_G2 = [ (m1*v2)  (m1*k2) 0 0];
G2 = tf(0.1*numeratore_G2,detA);
step(G1);
figure
step(G2);
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numeratore_F = numeratore_G2;
denominatore_F = numeratore_G1;
F = tf(numeratore_F,denominatore_F);
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Kp= 250000;
Ki= 250000;
Kd= 250000;
controllore = tf([Kd Kp Ki],[1 0]);
fdt_catena_chiusa = feedback(G1,controllore);
tempo = 0:0.05:7.5;
step(0.1*fdt_catena_chiusa,tempo)
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C1 = 8*10^6
numCant = [6.667^ 1 1]
denCant = [10^ 3 1]
numCatt = [10^2.892 1]
denCatt = [10^5 1]
Cant = tf(numCant , denCant); % rete anticipatrice
Catt = tf(numCatt , denCatt); % rete ritardatrice
%Calcolo componenti della rete a sella
numCsella = conv(numCant,numCatt);
denCsella = conv(denCant,denCatt);
bodeasin(numCsella, denCsella, 10^ 6,10^4,'mod')
bodeasin(numCsella, denCsella, 10^ 6,10^4,'arg')
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controllore = tf(C1*numCsella,denCsella);
numTOT = conv(C1*numCsella,numeratore_G1);% numeratore di C(S)G1(S)
denTOT = conv(denCsella,detA); % denoominatore di C(S)G1(S)
bodeasin(numTOT, denTOT, 10^ 1,10^4,'mod')
bodeasin(numTOT, denTOT, 10^ 1,10^4,'arg')
fdt_catena_chiusa = F*feedback(G1,controllore);
tempo = 0:0.01:7;
step(0.1*fdt_catena_chiusa,tempo)
10
−1
10
0
10
1
10
2
10
3
10
4 −80
−60
−40
−20
0
20
40
X: 6.667
Y: −0.009751
d
B
pulsazione
Diagramma di Bode − Modulo
                      C′(s)G1(s)
10
−1
10
0
10
1
10
2
10
3
10
4 −200
−150
−100
−50
0
50
100
X: 6.667
Y: −125.6
g
r
a
d
i
pulsazione
Diagramma di Bode − Fase
                    C′(s)G1(s)                                     ( )   
0 1 2 3 4 5 6 7
−0.1
−0.08
−0.06
−0.04
−0.02
0
0.02
0.04
0.06
Risposta al gradino
Tempo (sec)
A
m
p
i
e
z
z
a
 
(
m
)
                        w(t) = 0:1 1(t)                 
                                                                              
                                                                               
                                                                                 
                                          55°                               
                                                                           
                                                                              
              r = 0 2                                                   
                                           ′
A = 10                            
                                                    20°                            
                                   ′
A                                      55°
                                                                                
                            ′
A                                              
    42 16                                                              
 
′′( ) = 8 10
6 
1 + s
10
1 + s
103
 
1 + 103:536 
1 + 105 
      
                                             1( )                                 
 ( ) = 0 1  1( )                                                                          
0 1 2 3 4 5 6 7
−0.05
−0.04
−0.03
−0.02
−0.01
0
0.01
0.02
0.03
Risposta al gradino
Tempo (sec)
A
m
p
i
e
z
z
a
 
(
m
)
                        w(t) = 0:1 1(t)                 
                       
                                                                             
                                                                           
                                                                              
                                                                            
                                                                               
                                                                              
                                                                              
                                      
                                                                      ( )  
 ( )                                                       (  )            
                                                  
  1 +  ( )                                                
                                                                              
          1+ 0                        +                          ﬀ      
 G+   W+        G+    W+                                                 
                           ( )                                                 ( )
                                                     ﬃ        ﬃ                                          
                                                                         1+ 0 
                 G+ 
                                                                          
                                                                           
              ™                                                           
                                                                            
                                    1( )                                     
                                                                    1( )     
−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4
−3
−2
−1
0
1
2
3
4
x 10
−4
Diagramma di Nyquist di G1(s)
Asse Reale
A
s
s
e
 
I
m
m
a
g
i
n
a
r
i
o
                                        G1(s)
−2 −1 0 1 2
x 10
−4
−2
−1
0
1
2
x 10
−4
Diagramma di Nyquist di G1(s)
Asse Reale
A
s
s
e
 
I
m
m
a
g
i
n
a
r
i
o
                                                                                  
                                                                                
 G+ = 0                                                                     
                                        1+ 0             ﬃ                 
                                                                         1( )     
                                                                        
                                                                           
                         ( )′′                                                    
                                                                         
−20 0 20 40 60 80 100
−80
−60
−40
−20
0
20
40
60
80
Diagramma di Nyquist
Asse Reale
A
s
s
e
 
I
m
m
a
g
i
n
a
r
i
o
                                     C′′(s)G1(s)
−3 −2 −1 0 1 2 3 4
−3
−2
−1
0
1
2
System: untitled1
Real: −0.422
Imag: −0.907
Frequency (rad/sec): 10
Diagramma di Nyquist
Asse Reale
A
s
s
e
 
I
m
m
a
g
i
n
a
r
i
o
                                        
                                                                                                          
 1 +  0                                                                       
                                                                              
                                         ﬀ                                   
                     =  G+ = 0    W+ = 0                                   
                                                                                   
                       1 = 0                                                 
                                                                               
                                                                              
                                                            A = 10          
                                                    ( 0 422  0 907)       
                                    
  =
√
( 0 422)2 + ( 0 907)2 = 1 ϕ =    
 1
(
 0 907
 0 422
)
     
 1(2 15) = 65°
     ϕ                                                                     
                                                       1 +  0               
                                                                               
                  ( )                            ϵ            1 +  0    
                      ~                                                           
                                                             
 (~  ) = ϵ   1    (~  ) =
 (~  )
1 +  (~  )
=
ϵ   1
1 + ϵ   1
= 1  
1
ϵ
           ϵ                                     (~  )→                    
                                                                             
                                 90°                                           
  65°                                                                            
                      Capitolo4
                                        
                         
                                                                            
                                                                               
                                 ( )                                         
                                                                                 
                                                                          
                               
 ( ) =
]  ( )
1 + ]  ( )
=
 
p(s)
q(s)
1 +  
p(s)
q(s)
=
  ( )
 ( ) +   ( )
     
                                      
 ( ) =  ( ) +   ( )      
                                                             
  =        :  ( ) = 0                    
+       
                                                                                
                                                             ( )             
                                                                            
                                                                    ( ) =
                                                       ( )                
                                                                                                                            
             
                                 
                                                                             
                                                                1( )               
         ™                                                                 
         
                                              G1(s)
R=roots(detA)
rlocus(G1)
z= log(0.05)/sqrt(pi^2+(log(0.05)^2))
sgrid(z,0)
                                                                              
                                                                               
                      1 =  23 9758 +  35 1869   2 =  23 9758    35 1869 
 3 =  0 1098 +  5 2504    4 =  0 1098    5 2504                           
                                                                            
                                                                                
                                                                               
                                                                                 
                                             ( )                          
                                                                               
                                                                               
                                                                          
                            1    2                                           
          (   1)(   2) =  2 ( 1  2)+ 1 2 =  2 2ℜ( i)+  i 2         
 i                                                                             
                                                                              
                                                                            
      n =   i 2                                                      =
 ℜ(pi)
 pi 
                                                         
(     1)(     2) =  
2 + 2  n  +  n
2 =  
2
n
(
1 + 2 i
 
 n
+
 2
 n
2
)
                                          
                                               [ 1 1]                          
                                                                                   
                                                  
  = e
 
  
1 2  s =
3
  n
     
                                                                                  
−25 −20 −15 −10 −5 0 5
−150
−100
−50
0
50
100
150
0.69
0.69
Luogo delle Radici
Asse Reale
A
s
s
e
 
I
m
m
a
g
i
n
a
r
i
o
                                               
                                                                                
                                                                                    
                                               œ                                
          [0 + ]                                                           
                                                                     3    4     
                                                                                
                                                                               
                                        3    4   ﬃ                               
                                                                                   
                                                                               
                                                                                                                            
                          
                                                                         
                                        
 ( ) =
(    3    3 5)(    3 +  3 5)
(    30)(    60)
=
 2   6  + 21 25
 2   90  + 1800
     
                                                                               
                                                         ™                     
 1( )                                                           ]  ( )          
                                              ] G(s)
z1=3+3.5i;
z2=3 3.5i;
p1=30;
p2=60;
num_controllore = conv([1 z1],[1 z2]); %costruzione polinomio n(s)
den_controllore = conv([1 p1],[1 p2]); %costruzione polonomio d(s)
controllore = tf(num_controllore,den_controllore);
rlocus(controllore*G1)
axis([ 30 5,  30 30])
z= log(0.05)/sqrt(pi^2+(log(0.05)^2))
sgrid(z,0)
[k,poles]=rlocfind(controllore*G1)
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                                   ] G(s)
fdt_catena_chiusa = F*feedback(G1,k*controllore);
tempo = 0:0.01:5;
step(0.1*fdt_catena_chiusa,tempo)
                                                                                   
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
−3
−2.5
−2
−1.5
−1
−0.5
0
0.5
1
1.5
x 10
−3
Risposta al gradino
tempo (sec)
a
m
p
i
e
z
z
a
 
(
m
)
                                    K = 2:1590 108
                                                                                                         ( ) ( )   
                                                                     ( ) =
0 1  1( )                                     = 108                            
                                                                              
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
−4
−3
−2
−1
0
1
2
3
x 10
−3
Risposta al gradino
tempo (sec)
a
m
p
i
e
z
z
a
 
(
m
)
                                    K = 108Capitolo5
           
                                                ﬃ                               
                                                                                  
                                                                                  
                                                                                   
                                                            ( )                  
                                                                              
                    ®                                                     
                                                                                   
                   
                                                                          
      
 ( ) =
5 105 2 + 106  + 106
 (1 + s
105)
                                   ( )                                      
                                     4 26 104                               
      2     
                                                                      
                          
 
′′( ) = 8 10
6 
1 + s
10
1 + s
103
 
1 + 103:536 
1 + 105 
                                                                               
      2 29 104                                                                        
                                                
                                                                                     
                                                                          
                              
 ( ) = 2 1590 10
8 
 2   6  + 21 25
 2   90  + 1800
                                                                               
                                                                     7 5 104    
                                                                                 
                                                                                 
                                                                              
                                                                                
                                                                                   
                                                                                   
                                                                                 
                                                                                
                                                                                  
                                                                         ﬀ      
                                                                            
                                                                                   
                                                                              
                                                                                
                                                                                     
                                                                       
                      
                                                            
                            